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reception 

an effective symbol inten/al of a one-symbol interval 
,n an FFT circuit (106) to thereby obtain received data 
of each subcarrier Since the phase noise ot the local 
oscillator (102) is reduced by the P^^^^. "^'tlf^P;!!; 
sion circuit 105 before the FFT processing, both a cPE 
and an ICI are reduced from the output of the FFT circuit 
(106) The output of the FFT circuit (106) is sent to a 
demodulation circuit (107). and a QAM signal transmit- 
ted to each subcarrier is demodulated. 
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Description ^jj^ 

St«?^ *° ^" orthogonal frequency division multiplexing (referred to as OFDM herein- 

s rntei S '^"77 ^""""^T,' '''""""^ ^" ^'9""' ^ °"-«y^bol inten^al of which is constituted oTa guaTd 

^te.valandaneffect.vesymbol,ntervaland.rnoreparticular^.toate^ 

[0002] A digital modulation system has recently been developed widely for transmission of voice and video sianals 

tTTV-^^^"^ ^ "'""'■P^*^ interference becomes a fo^usTattent^fn in^ 

terrestrial digital broadcast. Prior art of the present invention will now be described aneniion in a 

0 [0003] An OFDM signal is susceptible to a phase noise since it is generated by multiplexing the frequencies of a 
number Of subcarners A consumer-oriented receiver therefore has a serious problem of d'e grad^ brterror rate due 
to a phase noise of a local oscillator of a tuner. a= raie aue 

L^t*2 h JTorf ^'^ '"^ °' "^^^^ ^" ^^^"^ "'9"^'- 3 Pf'^s^ variation of subcarners gen- 

erated by low-frequency components of the phase noise. This Is called a common phase error (CPE) since ai?the 

? H "h'hT ^""^ ""9'^- ■'^^ ^" inter^arrier interference (i?i) in whiS, the SNR of ca ilrs 

rumTnt '° ^ °' '''^'^ °' ^^'^^^ "^^^ 9-atly depend upon a spec- 

trum of phase noise and an interoal between subcarriers. a y H lu upon a spec 

l^l. ^ a "lethod of preventing the above characteristics from being degraded. J.H. Stott. "The DVB Terrestrial 
(DVB^TSpecif,cat,onandltslmplementationinAPracticalModem 

Llln ^ ^ continual pilot (CP) defined by DVB-T FIG. 1 illustrates the constitution of a prior art OFDM S 
receiving apparatus which is based on the contents of the technical literature 

bv'^Ine?iI^lnTJ?n'''?' T!T'/T^^ frequency^onverted to a signal having an IF (intemiediate frequency) 
by a turner 11 and a local oscillator 12. This signal is converted to a digital signal by an A/D converter 13 and then to 
FfT^fITf ' f '° A Signal output fromThe IQ demodulator l3 i supX to an 

Nu^from "T"? ' ^ ^""^""^^ ^" ^"^'^♦'^^ ^V^''^' '"««'val (the number o^samples 

Nu) frorn a one-symbol interval of the OFDM signal to execute FFT processing (conversion of the effective svmbol 

\^Posc2xor^Xrp"^ y 7 ^""^ ''"'"^ °" ^'^P"* °' due to a phase noise ohL 

if sent tn t H H P. ^^'^^uit 1 6 eliminates a CPE of each subcarrier An output signal of the circuit 1 6 

Iherefror^. « ^'9"«' transmitted to each subcarrier is demSlulated and output 

rnSJfi I^® configuration and operation of the CPE elimination circuit 1 6 will be described further 

^LtT "'"^ ! ^"'P'""''^ ^"'^ ^ ^'""^"^ ^^^^ transmitted to a plurality of subcarriers having a pre- 
determined frequency under the DVB-T standard. This is a CP (continual pilot) signal. The CP signal is brlnchtd off 

onTuL'tl'" '''' ^° --P'«x conjugate fo r? in a c^pleJ 

conjugate conversion circurt 1 9. The signal is then supplied to a complex multiplier 20. The complex mLltiplfeT^O is 
muSestS : °"^7'"'-'-°;^,CP signal through an Nu delay circuit 18. In other words, the com^r^ p.ier 20 
multiplies the current received data and one-symbolold data of the CP signals having the same frequency (the CP 

^rre-'^ri-r^^^^^^^ 

[00101 An output of the complex multiplier 20 is transmitted to an averaging circuit 21 . The circuit 21 averaqes de- 

SiauL'rl 1 n"^""'' '° ^"""^^^ components. The'averaging circuit 21 supplies a c'c^pt 

signal to a phase detector, (tan-i) circuit 22. and the circuit 22 detects a phase of the complex signal This detected 

Se nhTTt V° ^ '° P^^-se noise, i.e a CPE ^tutput 

2, ou,nJro?thf "'IT of '"PP""' *° ^" accumulator 23 and the detected phases are accumulated therein 
t^us be e imiS ^f^^^t " " '° ^ ^ one-symbol-old signal is rotated reversely. The CPE cTn 

thus be eliminated from the output signal of the TFT circuit. 

[0011] As described above, the OFDM signal receiving apparatus shown in FIG. 1 is capable of eliminatinq a CPE 
sudlTincr°'"- ""T""' '-'-q-ncy components of spectrum of the phase noise aTla ge. anTa 

suddenly increases as a frequency interval between subcarriers becomes narrow like an OFDM signal of 8K carrier 

caused by not only the phase noise of the tuner but also the Doppler effect caused when a movable unit receives a 
1 ^^°'^'"9*y an object of the present invention to provide an OFDM signal receiving apparatus which 
fro^bSng degred" " ^= ' ^''^ ^° ^^^^^^^ ^ P^- -i- 

rOM^ Ac^^ln T'"l- "^.^ '''^ Characteristic means. 

[0014] According to a first aspect of the present invention, an OFDM signal receK/ing apparatus for receiving an 
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OFDM (orthogonal trequency d-sHultiple^jng) e^na^^^^^^ 

^terval (whose sample number is Ng) and an ^Wective symbol ,n^al (w^ H .qFOM signal to 

SfdM iignal U.toa complex base-band ^^OMj^^^^^J^^^^^ 

obtain symbol data, comprises: Hrst earner P^^f^J^^;*^.^^^^^^^^^^ the n-th sample point (0 S n g Ng-1) wrth.n 
(m) per Nu sample in the m-th received symbol, "f '"S^^'S^'^re J^nd OFDM signal and a signal S(m.n+Nu) at a 
hi guard inten^l o1 the m-th received fV^^^" I^J.^^.'^^^^ ,ro^ the signal S(m.n); carrier phase 

sample point within the effective symbol of theT^^l)-th received symbol from the carrier 

estirJation means for e^^^^^f^^PnirZ^^^^^^ '"--"^ and acarrier phase e^m.O) at the 

phase variation (m) output from the first ''^"'^'^^^^^^^X!^^^ e^(m.n) (0 S n S Ng+Nu-1 ) within the m-th recer^ed 
Eeadotthe m-th received ^V-''^'' -"^^^^^^^^^^^ rece^,ed symbols; phase variation 

symbolfromcarrierphasesattheheadsofat l^stn^tha^^^^^^ ^^^^^ ^ „ ^ Ng^Nu-1). 

correction means for correcting a phase vanat.on >" ^^^-^^ f^" ^ ^ 3, , output from the carrier phase 
located at all sample points of the m-th ;;=7^«^^^^73^1'^3'2rinverting an effective symbol interval within an 
estimation means; time-to-lrequency region ^"^^^^^^ ^ region to a signal of a frequency region to 

output of the phase variation correction meansj^rom a ^^^^^^^^^ demodulating an output 

demodulate data of each subcarrier in the O'l^^/'S^^^^^^^^ data transmitted to each subcarrier. 
of the fime-to-frequency ^«9*°" 7,^!^^^^^ OFDM signal receiving apparatus for receiving an 

[001S] According to a second aspect of f'^^^^^"^ ";^""°"'^3„^bol intewal of which contains at least a known 
^OFDM (orthogonal frequency division .'P^^^'^S)^^^^^^^^^ guard inten,al (whose sample number is 

phase modulation carrier in a known posrtion ' ttie OFDM signal into a complex base- 

^Ng) and an effectK,e symbol -terva' (whose^^^^^^^^ ,3ta. comprises: first- 

band OFDM signal, and demodulatng a earner phase variation Ae(m) per Nu sample in the m-th received 

carrier phase variation detection '"f 'l"!^^^^^^^^^ ^ Ng-1 ) within the guard inten,al of the m-th rece^^ed 

symbol, using a signal S(m.n) at the n^tti '^'"r«nH a s anal S(m n!Nu) at a sample point within the effective symbol- 
symbol in the complex base-band OFDM signal and a «'9^^' S^'^;^;^^^^^ J^,^^ ^eans for estirtmting a carrier 
inten^al which is delayed by Nu sample 'rom «he ^9"^ S(m.") earner P .^^.^^ ^^^^^ ^^^^^ 

phase 6^m^1 .0) at the head of the (m^l ^'fj^.^^^^^f/^^^^^ at the head of the m-th received symbol, and 

Srst carrier phase variation ^^2!?^'°" "^u^^^ Ve r;. h received symbol from carrier phases at the 

estimating all carrier phases e^nvn) (0 ^ " J •^^t'^^;^^^^^^ first phase variation correction means for cor- 

heads of at least m-th and (m+1 )-th two ^o J'r^"ous^r«ce.^^^^^ H ^^^^ 3„ 33^p,3 ^^^.^ 

recting a phase variation in received signal by rotating = 9"^'" .^J^^^^^^ °hase estimation means; time-to-f re- 

of theU received symbol, by -9^m.n) us^g a^^^^^^^^^^^^ 

quency region conversion means <or converting an ef^ec^ve sym demodulate data of each subcame 

correcLn means from a signal of a ^^na^^^^^^^^ ^ ^^^^^ ,„^on to all 

in the OFDM signal; second phase f 2,rert-^^^^^^ C(m.k) L C(m+1.k) of continuous two symbols, 
subcarriers. based on time-to-f requency region con^^^^^^^ 

45 With the accompanying drawings, m which: 

me OFDM signal receiving apparalus ol IM fel , „, ^„ phase eslimallon cIteuH; and 

^pir/rsssirrrsS^Tro-j^Mrr^^^ — — - 

bodiment o1 the present invention. 
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Sawings^""'°'^""^"*^ °' t^Lsent invention will now be described in det Ah reference to the accompanying 

[001 9] FIG^2 illustrates an OFDM signal receiving apparatus according to a first embodiment of the present invention 
AS shown in FIG. 2 an input signal is frequency-converted to a signal having an IF (intermediate frequency) by a tuner 
101 and a local oscillator 102. This signal is converledto a digital signal by an A/D converter 103 and then to acomplex 
base-band signal by an IQ demodulator 104. A phase noise suppression circuit 105 detects a phase variation of an 
output signal of the IQ demodulator 1 04 and corrects it to suppress a phase noise of the local oscillator 1 02 An output 
signal of the circuit 105 is supplied to an FFT circuit 106. 

\M^^lJZnJn^T '?f '^""^^f^^" ^V'^bol interval (the number of samples: t^u) from a one-symbol 

interval of the OFDM signal to execute FFT processing, thereby obtaining received data of each subcarrier Since the 
phase noise of the local oscillator 1 02 is reduced by the phase noise suppression circuit 

both a CPE and an ICI are reduced from the output of the FFT circuit 106. The output of the FFT circuit 106 is sent to 
r^n^^T, xf' °" T"" ^"'^ ^ "'9"^' to each subcarrier is demodulated and output therefrom 

T operation of the phase noise suppression circuit 1 05 will be described further. 

[0022] As Illustrated in FIG. 3. one symbol of an OFDM signal is constituted of a guard inten/al (time inteival Tg) and 
an effective symbol interval (time interval Tu). In the guard interval, part of an effective symbol is copied to prevent a 
muHipath interference between symbols. A phase variation of carriers generated during the time interval Tu can thus 
be detected using these signals. 

[0023] If a signal at the n-th (O^n^Ng-l) sample point within the guard inten/al of the m-th received symbol in a 
complex base-band signal is expressed by S(m,n), an error vector e(m,n) indicative of carrier phase variation per time 
inten/al Tu can be obtained by the following equation; uunperume 

e(m,n) = S*(m,n) • S(m,n+Nu) (0 S n s Ng-1) (1) 

where Nu is the number of samples during the effective symbol inten/al, Ng is the number of samples during the guard 
interval, and S (m.n) indicates a complex conjugate of S(m,n). The operation of equation (1) is performed by an Nu 
delay circuit 108, a complex conjugate conversion circuit 1 09 and a complex multiplier 110 

[0024] Error vectors e(m.n) of plural signals during the guard inten/al are averaged by the use of an averaging circuit 
111 to eliminate an influence of noise from the signals. A result of the averaging is defined as error vector tirne e(m) 
n the m-th received symbol. For example, when all the signals during the guard interval are averaged, the error vector 
time e(m) is expressed by the following equation: 



Ng-1 

e(m) = Z e{m,n) ... 

n=0 • • • ; 

[0025] The phase component of the error vector time e(m) obtained by the above equation (2) is defined as a carrier 
phase variation Ae(m) per time interval Tu in the m-th received symbol. This carrier phase variation Ae(m) is obtained 
trom the following equation by means of a phase detection circuit (tan"' ) 112: 



45 



so 



Ae(m) = tan (lm(e(m)]/Re[e(m)]) (3) 

[0026J Using the above carrier phase variation Ae(m). a carrier phase e(m.n) within an OFDM symbol is estimated 
by a phase estimation circuit 1 1 3. A result of the estimation is O^m.n). 

[0027] Using the output e^m.n) of the phase estimation circuit 113. a phase of output S(m,n) of a delay circuit 1 1 4 
for timing adjustment is corrected by a rotator 115. When a phase-corrected signal is represented as S'(m.n). it is given 
by the following equation: ^ • /' a 

S*(m.n) = S(m,n) . expHe^m.n)] (4) 
[0028] A method of estimating a earner phase within the OFDM symbol, will be described with reference to FIG. 4. 
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4 *K« warrior nhase Within the OFDM symbol and linear in- 

(m-l)-th received symbol was processed. 



e'^{m+1.0) = e'^m.O)+(Ns/Nu)Ae(m) 



(5) 



^^!^o^^n7Z both the carrier phase estin^ted values e^m.O) ar,d G^m.l .0). 

0-(m,n) = (1-n/Ns) • fl -(m, 0) + (n/Ns ) • e-(m+l,0) 

= e -(in,0) + (n/Nu) • A fl (m) (6) 



.0 ,0031, F.3.Sshowsar,exa.,eonhecon...r..n.^^^^^^^^^^ 

by the linear ir^terpolatton expressed by the .'^^^^^^^^ ar,d a symbol sync signal as a clock. The 

both a carrier phase variation Ae(m) for ever/ t.me ^'^^^'J^^^^^^^^^^ I, the head of the OFDM symbol.. 

,00381 An a«,a„ V*. can be used ^ the ,n..a. "'^^'^^^^Z phasa Lll»«lsd accoKjias to Ca 

55 three symbols, by the following equation: 

e^m.n) = A(n/Ns).GA{m+1 ,0)+B{n/Ns).eA(m,0) 

(7) 



+C(n/Ns).e^m-1.0)(m) 
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100341 ,ntheaboveec,uation(7,A(n/Ns,B(rVNs,andC(n/Ns)arepo^^^^^^^^^ 

such as Gauss Interpolation are known as an '"'7°'^;°" ^'9°"!^^^^^^ estimation circuit 11 3 for estimating a carrier 
[0035] FIG. 6 shows another example of the configuration °' Pj^^^^"^'^^" ^j^^-^ 301 is supplied with both a 
'phase by the interpolation given by the equation (^>^ as a clock. The carrier 
carrier phase variation A9 (m) for every t.me ^"f '"P'i,^^^!^^^^^^^^ ^ead of the m-th OFDM symbol. 

using a ™l,lpll.. 302 .o obaln a phase ""^J^^^^Z^^-^ «< symbol. In Che, words, 
lUJ^ Signals outpu, fom a munlplla, 302 «'"f "^"^f "X^I^f S To^ head o. L ne« symbol or ,he 
me oulpu, ol Ih. aceumula«.r 303 » a crr.r ^I^;. Ui„a.ed value 0»(m.O) a. the need ol 

ISr- ou*". signals o, the 

circuit 306. and a sample number n w»h,n a si^^l»^ J* aupp W a sy ^ ^ ^^^,1 
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using the sample number n l ^ 
[0038] As described above, the phase estimation circuit shown in FIG. 6 Is ^ complicated in signal processlna 

' ELI" '".^ ®' ^" ^^'"^ "^^^ ^= ^'^'"e of the accumulator 303 when 

to fhe intT r " T = ^ ""^^ '^"^^ - carrier phase accoX 

,he?Z.1 val"e..can be corrected by a sync signal detection circuit constituting the damodubtion circuit 107 Fur 
hermo e ,n the circuit of FIG. 6, interpolation is made using three pieces of phase data, but it Is evident that the 
interpolation can be done using more pieces of phase data eviaeni inai ine 

10 [0040] FIG. 7 illustrates an OFDM signal receiving apparatus according to a second embodiment of the present 

after the FFT c^cuit 1 06. as in the case of the prior art apparatus. Both a CPE and an ICI are decreased by suppressinq 
a phase noise by a phase noise suppression circuit 1 05 before the FFT circuit 106. and the remaining CPE Is eliminated 

T,^TJlnT a" N" delay circuit 402, a complex conjugate conversion circuit 403. a complex 

Te olr^rn'th" 'TT' ^ P'""" f^^"-') ^ accumulator 407 and a rotato^C 

The operation thereof is the same as that of the circuit 16 shown In FIG 1 

[0041] A CP signal Is branched off from received data output from the FFT circuit 1 06 and convertedto one In comolex 

f II i7. ^"PP'ied whh a one-symbol-old CP signal through me Nu delay circutt 2)2 The 

complex multiplier 404 multiplies the current received data and one-symbol-old data oTthe CP signals having the sarne 
frequency to detect a phase variation from the one-symbol-old CP signal 

[0042] An output of the complex multiplier 404 is supplied to the averaging circuit 405. The circuit 405 averaqes 
^5 olex I°^^^^^^^^ : "T^ °' CP signals to eliminate noise components. The averaging circuit 405 supfJies a com 
plex signal to the phase detection circuit 406. and the circuit 406 detects a phase of the complex signal This detected 

JthpTrr. f- '° 9^"^^^'«d P^^ase noise, he.^ CPE /^^^ICt 

Of the phase detection circuit 406 Is supplied to the accumulator 407 and the delected phases are accumulated therein 

tntrh '^'"^ ^° ^^'^ ^°t-tor 408 and a one-symbol-old signal Is rotated reveTsTxie CpE 

can thus be eliminated from the output signal of the TFT circuit 106 

f^L.!!!^ ""^ above processing, the circuit of the second embodiment allows a degradation due to phase noise 
to be reduced more greatly than that of the first embodiment shown In FIG 2 

[0044] In the above ernbodiments described above, a CP signal is contained in the symbol of an OFDM signal The 

not bT Z ? K T K '° " " "^""^ P^^^^ 'a--^ (Whose ampSe need 

r^.c, . '^^'^ modulated) In a known position of the symbol, it can be used 

[0045] In the first and second embodiments shown In FIGS. 2 and 7. the QAM technique is used to modulate sub- 
to rh /erf ' TT'"' P-=«"* definitTbe appi ed 
Jelay S^c^on'oS^ ' ' """'^ ^""^^""''"^ demodulation circuU 107 Sh a 
^° ^ , described above, according to the present Invention, an OFDM signal receiving apparatus ca- 
pfoJ^ded ' ''''' '° ""^^ '° P^^"^"^ ^ ''^ ''-"9 degSded Ian be 
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^l?e svmboT?nt!r^ ? T^-^^'^ °' '^'^'^'"^ ^" (Orthogonal frequency division multiplexing) signal a 

ZhnM . I , ! '=°"«*''"<«d of a guard inten/al (whose sample number is Ng) and an effective 

symbol interval (wfiose sample number Is Nu). converting the OFDM signal into a complex baseband OFDM 
signal, and demodulating the complex base-band OFDM signal to obtain symbol data, characterized by comprising: 

SmTZ N,^^^^ • ■''2) for detecting a carrier phase variation 

Ae(m) per Nu sample in the m-th received symbol, using a signal S(m.n) at the n-th sample point (0 s n ^ 
Ng-1) w thin the guard inten/al of the m-th received symbol In the complex base-band OFDM signal and a 

thrs1gSlS(m n) ^ ^^"''"^ '^'^^ '^^'^^^'^ 

carrier phase estimation means (113) for estimating a carrier phase eA(m+1.0) at the head of the (m+1)-th 
^ce^ed symbol from the carrier phase variation Ae(m) output from the first carrier phase variation detect on 
means and a earner phase e-(m.O) at the head of the m-th received symbol, and estimating all carrier phases 
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,„ „ ^ N9^u.„ w»hl„ ,h. ovm .~0*-«. earn., phas.s ..«>. heads o, a. I.as, m-m 

and (m*l)-th twoconllnuo,J. received syrntofe 1^ ,„ ^^i,^ sig„al by <oBlir,g 

rrst"xr"r-ied2i^^^^^^ 

a signal output from the cafie, P''''^ """"^ ™=^,,„t,g ,„ elfeotive eymhol Interval «ithln an output 

sru^iro^rrzuXrur;.^^ 

obtain symbol data transmitted to each subcarrier. 

• o„ opnM rorthoQonal frequency division multiplexing) signal a 
An OFDM signal receiving apparatus for rece.v.ng an ^^^^J^'^^^^'^^-,^, i^^a Known position and which is 
one-symbol interval of whch contains at least a ^^^^^^^^^ ^ ^^^^^ 'sV^bol integral (whose sample 

reCd OFSM:SX obtain sym'bol data, characterized by comprising: 
n^stcarrierphasevar^t^ndetectionmeansOOS 109.110 11.1^ 

Ae(m) per No sample in the m-th ^y-''^'-;!:^ t^^^^^ Lse-Ld OFDM signal and a 

^.^g;:il t:::::^^^^^:^^ r^er L^h is delayed by .u sample from 

rrptrSLatic. means (113) for es«^^^^^^^^ 

rece-^ed symbol from the carrier ^^^^^ d s^mbo and estLting all carrier phases 

and (m+1 )-th two continuous received symbols 3^,^^ ^e^eived signal by rotating 

a signal output from the carrier P'^^^^^^/j'^^l'^^^^^^^ an effective symbol interval within an output 

time-to-frequency region conversion means ( 06) ° a signal of a frequency region 

of the first phase variation correction means from a signa of a time region xo g 

r.^rrv^StiCe:r:r.^P35j.-^^^^^^^^ 
rrr;"»''rhr,re^ur=^^^^ 

«r.o /Anfl^ fnr rntatina the lime-to-trequency region converting resutl C 

rSSrarsi;?7"o~jX an output o, the ,i™.,o.,,«,u^^^ 
obtain symbol data transmitted to each of the sutcatners. 
3. The OFDM signal rece^g apparatus aocordlng to on. of *«,s , and 2. chaiacter^.d « that th, fIrs, Carrie, 

45 phase variation detection means includes. 

rp=;'^r^tSm"i^:TS.r;rZa"J?;s^ 

^p™.ytg means „tO, to, multiplying an output of th. deta, moans and an output o, the complex 
conjugate conversion means; „f camr^ies of n fO n :s Ng-1) multiplication results within 

TguT-s =i'i'r:T;2,rd^rs "v^rarutprf,^ t^^^ ^^-^^ - 
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number of the samples being not larger than Ng, and 
S^se detecting means (112) for detecting an output of the averaging means 



4. 



=iTrsrtrarrre.T."r^r^^^^^^^^^^^^ 
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(m+1 ,n) and Q^(w,0) at^Peads of continuous two symbols, and includ^^ 

latch means (201 ) for latching the carrier phase variation AHm) with timinq of the head of th« «»mh^i- 
multiplying means (202) for rr,ultip.ying an output of the latch means S^rLet^Tc e t i^u and ° 
accumulafon means (203) for accumulating outputs of the multiplying means in unl^sampl. 

The OFDM signal receiving apparatus according to one of claims 1 and 2, characterized in that the carrier nh«« 

(^7?;™ '"t^^So^^^TT T""' ''^ ^-^'^-^ sym^^Vfrrc^ieTp^r^^^^^^ 
^ • '• ^^"^-^ +2.0) at the heads of continuous J symbols CI 3), and includes: 

first latch means (301) for latching the carrier phase variation At(m) with timing of the head of the svmbol- 
multiplying means (302) for multip^ing an output of the first latch means by a coefficient (NgiNu^/^u 
accumu.at.on means (303) for accumulating outputs of the mul.ip^ing means w«h timing oChld of the 

a-1J^second latch means (304, 305) for latching an output of the accumulation means within a Q-1) symbol 
a symbol counter (307) for generating a value n indicative of a sample position in the received svmbol- and 
a°nnXu;rtirym^TJot^^^ e^m.U2,0)ofthe C.-1)secondlatch meL. 
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